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Ojectives. The purpose of the present study was to assess the
process of late regional remodeling and the changes in regional
diastolic function at the ase and apex of the left ventricle in
patients with chronic systolic dysfunction .
Background. Remodeling has een suggested to play an impor .
tant role in the progression of left ventricular dysfunction and
heart failure . However, the regional difference in the process of
late remodeling and its relation to diastolic function remain
unclear .
Methods. In 32 patients with previous myocardial infarction
and left ventricular ejection fraction :535%, left ventricular
hemodynamic and anglographic data were studied efore and 1
year after randomization to conventional therapy with placeo
(n = 12) or enalapril, 10 mg twice daily (n = 20) . Left ventricular
regional wall dynamics were analyzed in the asal and apical
regions y the area method .
Results. In the placeo group, left ventricular end-diastolic and
end-systolic regional areas increased significantly over time at the
ase ut were unchanged at the apex . At the ase, the diastolic lef,
ventricular pressure-regional area relation shifted rightward and
the regional stiffness constant decreased (6 .9 ± 4.3 to 5.0 ± 3.1 x
10-3 mm-2 , p < 0.05), indicating an increase in regional disten-
Ventricular remodeling has een suggested to play an impor-
tant role in the progression of heart failure in patients with
left ventricular dysfunction . This process was first descried
in animal models (1) and in patients (2) after acute myocar-
dial infarction . Recent "P.dings (3,4) from the Studies of Left
Ventricular Dysfunction (SOLVD) trials reported that ven-
tricular remodeling also continued in patients with chronic
left ventricular dysfunction due to remote myocardial infarc-
tion or dilated cardiomyopathy .
One of the important functional aspects of remodeling is
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siility . At the
apex,
however, the diastolic pressure-regional area
relation shifted upward slightly, and the regional stillness constant
increased from 11 .5 ± 4.4 to 14.4 ± 5
.6 x 10-3 MM
-2 (p = 0.08).
The regional peak filling rate was maintained at the ase ut
decreased at the apex (1,014 ± 436 to 762 ± 306
min2s, p .00,;
further, the changes in regional peak filling rate during follow-up
were inversely related to the changes in the regional stiffness
constant (r = -0 .78, p < 0.001) at the apex . In contrast, in the
enalapril group, end-diastolic and end-systolic regional areas
significantly decreased over time oth at the ase and at the apex.
Diastolic pressure-regional area relations shifted leftward, ut the
regional stiffness constant and regional peak filling rate did not
change significantly either at the ase or at the apex .
Conclusions . These findings suggest that in patients with severe
systolic left ventricular dysfunction, there was a regional differ-
ence in the process of late remodeling etween the ase and apex
of the left ventricle, which was associated with nonuniform
changes in regional diastolic function in the placeo group . The
data also suggest that the nonuniform progression of regional
remodeling and diastolic dysfunction was prevented y long-term
enalapril treatment .
(J Am Coll Cardiol 1993,22:1403-10)
that it is accompanied y changes in diastolic properties of
the left ventricle (1,4,5) . Previous experimental studies (1,5)
reported that left ventricular chamer stiffness decreased
along with the progression of remodeling after myocardial
infarction ; it has also een shown that this process could e
partially reversed y angiotensin-converting enzyme inhii-
tors (1) . Similar results were oserved in patients with
chronic left ventricular dilation and dysfunction (4,6) .
As long as ventricular remodeling accompanies dispro-
portionate dilation with cavity shape change, one can expect
an important regional difference in the process of remodeling
within the left ventricle
. It is known that the apex of the left
ventricle is particularly susceptile to regional dilation and
geometric distortion during the early phase of postmyocar-
dial infarction remodeling (7) . The regional radius of curva-
ture increases and the apex assumes a more spheric config-
uration during early remodeling
. One recent study (8) also
0735-1091033100
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reported that left ventricular remodeling at 1 year after
myocardial infarction resulted mainly from an increase in
contractile segment length and a change in ventricular ge-
ometry
. To date, little has een known aout the process of
"regional remodeling" and its relation to ventricular func-
tion during the late or chronic phase of ventricular remod-
eling when left ventricular dilation and dysfunction have
already een estalished . The purpose of the present study
was to assess the regional difference in the process of late
remodeling and the changes in diastolic function at the ase
and apex of the left ventricle in patients with severe systolic
left ventricular dysfunction treated with conventional ther-
apy plus placeo or enalapril .
Methods
Study group, The study group consisted of 32 patients
(5 women and 27 men, mean age 55 years) with previous
myocardial infarction (23 patients with anterior and 9 with
inferior infarction) enrolled in the SOLVD trial at the St . Luc
Hospital, University of Louvain . All of the patients under-
went cardiac catheterization efore randomization and again
after I year of administration of placeo or enalapril . The
enrollment criteria of this trial have een descried in the
previous studies (9-11) . All of the patients had a left ven-
tricular ejection fraction s35% . Patients were excluded from
the study if they had severe angina, myocardial infarction in
the past 30 days, coexistent significant valvular heart disease
or recurrent severe arrhythmias . Seventeen patients were in
New York Heart Association class 1, 12 were in class 11 and
3 were in class Ill. According to their clinical status, 24
patients were included in the prevention arm (not requiring
therapy for heart failure) and 8 in the treatment arm (requir-
ing therapy for overt heart failure) . The study protocol was
approved y the institutional Ethics Committee, and written
informeu consent was otained from each patient .
Cardiac cathe tion and left ventricul phy. Left
heart catheterization was performed y the use of an 8F
pigtail micromanometer-tipped catheter (Millar Instruments)
through the femoral approach, with patients in a fasting state
and without any premedication (12). All cardioactive drugs
were withdrawn 3 days efore the aseline catheterization,
After left ventricular pressure was recorded, left ventricu-
1
y was performed (while sujects held their reath at
end-inspiration) in the 30® right anterior olique projection at
50 frames/s ; 0.6 to 0
.9 ml/kg of sodium meglumine diatrizo-
ate was injected at the rate of 10 to 15 mils
. The left
ventricul
was acquired as the nonsutracted images
with 1,024 shades of gray (10 its) and a geometric resolution
of approximately 0
.7 mm y using Philips Polydiagnost C
and DVI systems
(12).
Left ventricular pressure and an
electrocardiogram (ECG) were recorded simultaneously dur-
ing left ventriculography
. These analog values were con-
verted in gray levels and also stored in two squares (10 x 10
pixels) in the upper right corner of each image
. The resolu-
tion for pressure is <0
.5 mm Hg in this system
. Coronary
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angiography was performed at the end of catheterization .
Significant coronary artery stenosis was defined y the
presence of >70% reduction of lumen diameter.
After the aseline catheterization, patients were random-
ized to receive either placeo or enalapril, eginning with the
dosage of 2 .5 mg orally twice daily . Then, the dose was
increased to 10 mg twice daily if tolerated . In the present
study, the placeo group consisted of 12 patients (9 patients
with anterior and 3 with inferior infarction) and the enalapril
group consisted of 20 patients (14 with anterior and 6 with
inferior infarction) . After 1 year (average 12 .4 months), the
follow-up catheterization was performed using the same
procedure used for the aseline study . At the time of the
follow-up catheterization, all patients were taking the dose
of 10 mg twice daily . All patients had normal sinus rhythm at
the time of the aseline and follow-up studies .
Hemodynamic and ventriculographic data analysis. An-
alog hemodynamic signals were digitized at 2-ms intervals
with 100-Hz filtering, and processed off-line y the use of a
Hewlett-Packard A900 computer . The details of the system
have een previously descried (13) . As isovolumetric in-
dexes of the inotropic state, the maximal rate of rise in left
ventricular pressure (peak [+]dP/dt) and dP/dt measured and
normalized at the developed pressure of 40 mm Hg ([dP/dt]
DP40) were used (14) . To assess left ventricular relaxation,
the time constant (T) was derived y a monoexponential
fitting of left ventricular pressure during 0 to 80 ms after the
maximal rate of decrease in pressure (peak [-]dP/dt) (15) . In
a similar manner, the time constant T l during 0 to 40 ms after
peak (-)dP/dt was also calculated
(16) .
The left ventricular angiogram was analyzed with use of
the Philips APU system (12). Ventricular silhouettes were
digitized frame y frame on a video screen. Extrasystolic
and postextrasystolic eats were excluded from analysis .
Magnification of the ventriculographic images was corrected
y using a caliration sphere of known diameter that was
positioned and filmed at the level of the left ventricle
. Left
ventricular volume was calculated y the Simpson rule and
was also corrected for the ody surface area
. Ejection
fraction was calculated using the frame with the maximal
pressure/volume ratio as end-systole (12) . Left ventricular
peak filling rate was calculated after data smoothing and
differentiation (12) . Left ventricular pressure at the time of
mitral valve opening was measured at the frame preceding
the first significant increase in ventricular volume (>5 ml)
.
The interoserver variaility for the ventriculographic data
acquisition was <5%, indicating the good reproduciility of
the measurements
.
Left ventricular regional wall dynamics analysis . Left
ventricular regional wall motion was analyzed y the area
method
(17)
.
The left ventricular angiogram was divided into
eight segments y a long-axis joining the middle of aortic
valve plane and the ventricular apex and y three perpen-
dicular short-axes at equal intervals (Fig . 1, left panel) . Eight
segments were thus otained, and each segmental area was
smoothed y the cuic spline method with a weighing factor
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Figure 1 . Illustration of the study methods . Left
panel, Regional wall motion analysis . The left ven-
tricular silhouette was divided into eight segments y
one long axis and three short axes . The asal region
was defined as a sum of areas of the two most asal
segments (Segments I and 8) and the "apical region"
was defined as a sum of areas of the two most apical
segments (Segments 4 and 5) . Right panel, Calcula-
tions of the regional stiffness constant and the re-
gional area compliance index . AA = the change in
regional area ; ,IP = the change in left ventricular
pressure ; min LVP = minimal left ventricular pres- Apical Region = Segment 4
+ Segment 5
sure . See text for detailed explanation .
of 191 (17) . Then, the asal region was defined as a sum of
areas of the two most asal segments, and the apical region
was defined as a sum of areas of the two most apical
segments .
For each of the asal and apical regions, regional ejection
fraction was calculated as end-diastolic area minus end-
systolic area divided y end-diastolic area multiplied y 100 .
Regional peak filling rate was otained y determining the
rate of maximal wall expansion (in mm'/s) in a time window
starting 60 ms after end-systole and ending 100 ms efore the
next R wave on the ECG to discard the atrial contriution
(12) . The regional peak filling rate was also normalized y
end-diastolic regional area .
For the assessment of regional diastolic passive proper-
ties, left ventricular pressure and regional area data from the
minimal diastolic pressure to end-diastole were fitted y a
monoexponential relation as follows : P = a x e
PrA
+ Y,
where P is pressure, A is regional area and a, far and y are
constants (Fig . 1, right panel). By using a nonlinear curve-
fitting program, the constants a, far and y were determined,
and the regional stiffness constant (or) was derived for each
legion. The correlation coefficients for the monoexponential
fitting were 0 .% ± 0.03 at aseline and 0.95 ± 0 .05 at
follow-up in the placeo group and 0 .94 ± 0 .05 at aseline
and 0.95 ± 0.05 at follow-up in the enalapril group . In
addition, the change in regional area normalized y end-
diastolic area (AA/EDA) and the change in left ventricular
pressure (AP) were derived etween minimal pressure and
end-diastole (Fig. 1, right panel), and their ratio ([AA/EDA]/
AN was calculated as an index of regional area compliance .
Statistical analysis. Values are presented as mean value
I SD.
Analysis of variance was employed for statistical
comparisons. A proaility value < 0.05 was considered
significant .
Results
Changes in gloal left ventricular function . Tale I sum-
marizes the hemodynamic and angiographic variales for
gloal left ventricular function in the placeo and enalapril
groups at aseline and after t year of follow-up . There were
no significant changes in heart rate, left ventricular pres-
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sures, peak (+)dFIdt, (dP/dt)DP40 or relaxation time con-
stants in the placeo or enalapril groups
. However, left
ventricular end-diastolic and end-systolic volumes increased
in the placeo group ut decreased in the enalapril group
.
Left ventricular ejection fraction tended to increase in the
enalapril group, although the difference was not statistically
significant .
Regional wall dynamics in the placeo group
. Tale 2
summarizes the changes in regional systolic and diastolic
function
. Regional ejection fraction did not change signifi-
cantly at the ase or apex
. However, left ventricular end-
diastolic and end-systolic regional areas significantly in-
creased over time in the asal region ut were unchanged in
the apical region (Fig . 2)
. Regional peak filling rate decreased
at the apex (p < 0 .05), ut did not significantly change at the
ase (Fig . 3) .
Figure 4 shows the average diastolic left ventricular
pre-sure-regional area relations at aseline and follow-up
. In
the placeo group, diastolic pressure-regional area relation
shifted rightward at the ase, whereas it shifted upward at
the apex. This finding suggests a nonuniform change in
regional diastolic distensiility etween the ase and apex .
Regional stiffness constant indeed significantly decreased at
the ase (from 6 .9 ± 4.3 to 5.0 ± 3 .1 x 10-' mm-2
,
p
<
0.05), whereas it increased at the apex (from 11 .5 ± 4.4 to
14.4 ± 5.6 x
10 -3 MM-2, p = 0
.08). Further, there was a
significant negative correlation etween the percent changes
in the regional stiffness constant and the percent changes in
the regional peak filling rate during follow-up at the apex in
the placeo-treated patients (r = -0 .78, p < 0 .001) (Fig . 5) .
This finding suggests that the decrease in regional filling rate
was closely related to the increase in regional stiffness at the
apex. The opposite changes in diastolic properties etween
the ase and the apex were also evidenced y the index for
regional area compliance ([A_A/EDA]/AP), which signifi-
cantly increased at the ase and slightly decreased at the
apex (Tale 2) .
Regional wall dynamics in the enalapril group . Con-
versely, in the enalapril group, left ventricular end-diastolic
and end-systolic regional areas significantly decreased oth
at the ase and at the apex (Tale 2, Fig . 2). Between the
placeo and enalapril groups, significant differences were
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Tale 1 . Gloal Left Ventricular Hemodynamic Variales
*p < 0,01
and tp < 0 .05 versus aseline values . Values presented are mean value ± SD. (dP/dt) DP40 - value
of the first derivative of left ventricular pressure measured and normalized at the developing pressure of 40 mm 11g ;
HR - heart rate ; LVEDP -
left ventricular end-diastolic pressure ; LVEDVI - left ventricular end-diastolic volume
index; LVEF -
left ventricular ejection fraction ; LVESVI - left ventricular end-systolic volume index ; LVP min =
minimal left ventricular pressure ; LVP mvo -
left ventricular pressure at mitral valve opening ; LVSP = left
ventricular peak systolic pressure ; Peak (+)dP/dt - maximal rate of rise in left ventricular pressure
; PFR = gloal
left ventricular peak filling rate ; T = relaxation time constant ; T, = time constant during the 1st 40 ms of the
isovolumetric relaxation period .
oserved in percent changes in end-diastolic area (placeo significantly at the apex or ase (Tale 2, Fig . 3). The
10 ± 8%, enalapril -5 t 10%, p < 0 .01) and end-systolic diastolic pressure-regional area relations uniformly shifted
area (placeo 10 ± 12%, enalapril : -8 ± 11%, p < 0 .01) for leftward during follow-up at the ase and apex (Fig . 4) .
the asal region . Regional peak filling rate did not change However, neither the regional stiffness constant nor the
Tale 2. Changes in Regional Wall Dynamics at Baseline and at 1 Year of Follow-Up
Placeo In - 12) Enalapril (n = 20)
*p < 0 .01 and tp < 0,05 versus aseline values
. Values presented are mean value ± SD .
Pr = regional stiffness
constant;(AMEDA)!AP
- regional compliance index normalized y end-diastolic regional area
; EDA = end-diastolic
regional area
; ESA = end-systolic regional area
; Normalized r-PFR = regional peak filling rate normalized y
end-diastolic regional area
; r-EF = regional ejection fraction ; r-PFR = regional peak filling rate.
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Placeo (n = 12) Enalapril (n = 20)
Baseline Follow-Up
Baseline Follow-Up
HR (eatstmin)
82 ± 11 83±9
87 ± 15 81 ± 15
LVEDP (mm Hg)
26±9 28 ± 10 26±9 26±9
LVSP (mm Hg)
130 ± 23 127 ± 17
133 ± 26 130 ± 20
LVP mvo (mm Hg)
33±-11 34 ± 12
30 ± 10 30 ± 10
LVP min (mm Hg)
10±5 13±8 9±5 8±5
Peak (+)dP/dt (mm Hg/s)
1,363 ± 205 1,258 ± 252 1,430 437 1,304 355
WHO DP40
(s°1)
IS 5 ± 5 .9 17 .8 ± 5
.8 20 .1 7
.8
18 .0 7 .3
T (ms)
52±8
55 ± 11 50 12 52 11
T, (ms)
60±8 62±10 57±10 60 13
LVEDVI (m11m)
157 ± 34 172 ± 41* 157 37 145±33`1
LVESVI W11m)
118 t 33 132 ± 50t 117 35 102 32*
LVEF M
25±7
25 ± II 27±8 31±°8
PFR WON 232 89
250 ± 87 260 ± 83 254 ± 61
Base
EDA (mm
) )
Baseline 1,304 ± 314
Follow-up
1
A3 ± 32l*
ESA (mm)
Baseline 1,030 ± 230
Follow-up 1,138 ± 31St
r-EF (% of EDA)
Baseline 20±7
Follow-up
21+7
r-PFR
(mm
2/s)
Baseline
1,410 ± 651
Follow-up
1A5 ±
633
Normalized r-PFR (EDA/s)
Baseline 1.07±0.43
Follow-up
1.02±0.35
(AMEDAYAP (x 10" EDAknm Hg)
Baseline
10.5±5
.9
Follow-up
ft
(x10
-1
mm-3)
Baseline
W ± &W
61 t t3
Follow-up
5.0 ±3 . It
Apex Base Apex
920 ± 189 1 .406 ± 256 924 ± 163
907 ± 204 1,333 ± 292t 874 ± 166*
799 ± 260 1,136 ± 225 785 ± 180
801 ± 274 1 .055 ± 263* 741 ± 1891
14 :t 10
19 ± 6 IS ± 10
14± 11
21 ± 5
16±9
1,014 ± 436 1 .467 ± 550 1015 ± 374
762 ± 306t 1,403 ± 416 961 ± 323
1.15±0 .65 1 .04±0
.37 1.13±0
.44
0.88±0 .451 1 .06±0.26 1.14±0.46
M6 ± 18 11 .8±5.9 11.4±5.5
%015S 11 .3±'5 .6 11 .1±6.6
11 .5±4.4 6
.2±3.5 10.5±5.3
14.4±5.6 6.3±') .2 12.4±- 6.2
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Placeo : 55 y, female
r ?
Figure 3. Examples of left ventricular re-
gional wall motion at the ase and at the
apex in a patient from the placeo group
(left panel) and a patient from the enalapril
group (right panel) . Note the decrease in
early diastolic filling rate (represented y a
diagonal line) at the apex in the placeo-
treated patient .
Enalapil :
	
yn male
Figure 2. Representative examples of end-diastolic left ventriculo-
graphic outlines at aseline (solid contour) and at follow-up (dotted
contour) in a patient from the placeo group (left panel) and a patient
from `e enalapril group (right panel)
. In the placeo-treated patient,
regional dilation occurred at the ase (arrowheads), whereas there
was no sustantial change in regional srea at the apex (arrows) . In
the enalapril-treated patient, the left ventricle decreased in size oth
at the ase and at the apex (doule arrows) .
regional area compliance index changed sustantially in the
apical or asal regions (Tale 2) .
Discussion
The present data indicate that the increases in gloal left
ventricular volumes previously reported in the placeo-
treated patient group of SOLVD trial (3,4) was primarily
related to increases in the dimension of asal region,
whereas the apical dimensions were little affected (Tale 2,
Fig. 2) . Moreover, the nonuniform changes in left ventricular
dimensions were accompanied y nonuniform changes in
diastolic properties .
Nonuniform regional remodeling . Of interest is the find-
ing that some difference in the process of remodeling existed
etween the ase and apex in the placeo group . Left
ventricular regional area significantly increased at the ase,
whereas regional area did not sustantially change at the
apex (Tale 2, Fig . 2). This contrasts with the changes
oserved during the early phase of ventricular remodeling, in
HAYASHIDA ET AL .
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which regional dilation and geometric distortion occur first at
the apical region of the left ventricle
(7) .
The reasons for this nonuniformity of the late remodeling
process etween the ase and apex are still speculative
. It
has een suggested that excessive regional afterload is
closely related to
the progression of regional dysfunction in
the dilated left ventricle (18,19) and may e a trigger for
ventricular remodeling
(20) .
Left ventricular cavity shape
ecomes spheric in the presence of ventricular dysfunction
(21),
and under such conditions the physiologic regional
difference in the curvature of radius etween the ase and
the apex will e altered
. Calculations ased on previous data
(19) revealed that in the dilated left ventricle, regional
afterload was elevated to an average of 203% of the normal
left ventricle at the ase, whereas it was 236% at the apex
.
Despite the more pronounced increase in afterload, the
regional preload (estimated y end-diastolic regional wall
stress [221]) was relatively smaller at the apex than at the ase
(208% vs
. 268% of the normal left ventricle) . One possile
;
hypothesis is therefore that regional ventricular wall was
already operating at the maximal end-diastolic segment
length achievale and could no longer increase its size at the
apex. In contrast, at the ase, there remains some capacity
for the regional myocardium to increase its diastolic length,
and myocardial hypertrophy, particularly of the eccentric
type, would continue to progress in response to the sus-
tained imposition of a functional overload . Nonuniform
progression of hypertrophy etween the ase and apex was
also oserved in experimental models
(23)
.
In the present study, all of the patients had a large
myocardial infarction involving either the anterior or the
inferior wall of the apical region . Therefore, it
is possile
that the apex was more extensively replaced y scar tissue
and thus less compliant than the ase in our patients and that
the firotic process continued during the follow-up period
. It
is also noteworthy that regional ejection fraction was less
impaired at the ase than at the apex (Tale 2) . This finding
may suggest that more contractile myocardium was still
spared at the ase and was related to the late remodeling of
Placeo : 61yr, male
&00
Enalapril : 58 yn male
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this region, as reported in a previous study (8) . Thus, the
regional difference in remodeling process at follow-up might
e related to the difference in the histopathologic properties
of the regional myocardium .
In the enalapril group, oth the asal and the apical
regional areas as well as gloal left ventricular volume
decreased after treatment (Tale 2, Fig . 2). The important
finding is that the nonuniform progression of regional remod-
eling etween the ase and apex was no longer oserved in
the enalapril-treated patients . This finding cannot e entirely
explained y a decrease in preload or afterload due to the
systemic hemodynamic effect of enalapril ecause neither
left ventricular end-diastolic pressure nor systolic pressure
changed significantly during follow-up (Tale 1)
. In contrast,
Figure S
. Relation etween percent change in regional stiffness
constant and percent change in regional peak filling rate (PFR) in the
apical region in the placeo-treated patients (n = 12) .
P4,001
-80
-50 0
50 100
150
% Change in Regional Stiffness Constant
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Figure 4 . Average diastolic left ventricular (LV)
pressure-regional area relations at aseline (solid
circles) and follow-up (open circles) in the placeo
group (upper panel) and enalapril group (lower
panel)
. Mean values ± 1 SE are plotted at 1)
mitral valve opening, 2) minimal diastolic pres-
sure, 3) midpoint etween minimal pressure and
end-diastole, and 4) end-diastole . Note the differ-
ence in the changes of pressure-regional area
relations etween the ase and apex in the pla-
ceo group . In contrast, left ventricular pressure-
regional area relations uniformly shifted leftward at
the ase and apex in the enalapril group .
it is known that angiotensin-converting enzyme inhiitors
reverse myocardial hypertrophy and interstitial collagen
accumulation (24) . Recent studies on experimental heart
failure also reported that cardiac angiotensin-converting
enzyme activity and its messenger rionucleic acid (mRNA)
levels were increased (25) and that angiotensin-converting
enzyme inhiition improved collagen matrix remodeling
(26). It is thus tempting to speculate that the cardiac angio-
tensin system plays an important role in the regulation of
myocardial hypertrophy and extracellular collagen deposit
and that the direct cardiac effects of enalapril may prevent or
reverse these alterations in microstructure relating to myo-
cardial remodeling .
Long-term changes in regional diastolic function . In the
present study, we assessed the regional passive properties of
the left ventricular wall y using the regional stiffness
constant as well as the regional area compliance index . The
directional changes in oth the stiffness constant and the
compliance index were opposite etween the ase and the
apex in the placeo-treated patients (Tale 2) . In addition,
changes in the diastolic left ventricular pressure-regional
area relations were quite different at the ase and apex (Fig .
4)
. These findings strongly suggest the presence of regional
differences in the long-term changes of passive diastolic
properties .
Such differences may e related to the nonuniform re-
gional remodeling. At the apex, in response to the mechan-
ical overload during follow-up, a gradual increase in diastolic
tension rather than length would result in an increase of
regional stiffness and a decrease of diastolic distensiility
JACC Vol . 22, No . 5
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(27). This "stiffening" of the ventricular wall will in turn
prevent dilation at the apex . In contrast, at the ase, a
predominant increase in diastolic length leads to a decrease
in stiffness and an increase in diastolic distensiility . In this
setting . regional preload no longer operated along the same
rest tension-length curve as at aseline
. Thus, the increase in
end-diastolic area at the ase was not a simple consequence
of the elongation of sarcomere length ut could e accom-
panied y the changes in elastic properties ased on the
reorganization of the microstructure such as extracellular
collagen matrix (28,29) .
Diastolic passive properties are a major determinant of
left ventricular filling dynamics (30) . As shown in Figure 5,
the increase in the regional stiffness constant was closely
related to the reduction in regional peak filling rate at the
apex in the placeo-treated patients. This finding suggests
that the change in elastic properties of regional myocardium
plays an important role in the progressive deterioration of
regional filling at the apex . In contrast, regional stiffness
significantly decreased at the ase, which proaly contri-
uted to the preservation of regional filling during follow-up in
this, region .
In the enalapril group, directional changes in the diastolic
left ventricular pressure-regional area relation were uniformly
leftward at the ase and apex (Fig . 4). In particular, the
changes in the diastolic pressure-asal regional area relation
were clearly in the opposite direction of those oserved in the
placeo group
. Furthermore, the nonuniform changes in re-
gional peak filling rate and stiffness etween the ase and apex
were no longer oserved in the enalapril group . These findings
are in contrast with those in the placeo-treated patients and
are proaly related to the uniform changes in left ventricular
regional geometry (Tale 2, Fig . 2) .
Some additional factors might have affected left ventric-
ular filling dynamics in the present study . Previous studies
suggested that a physiologic intraventricular pressure gradi-
ent during early diastole etween the ase and apex (31)
facilitates early diastolic lood flow toward the apex and
contriutes to apical filling (32) . It seems possile that the
progression or regression of remodeling affects the early
diastolic intraventricular pressure gradient and, thus, re-
gional filling . Furthermore, diastolic filling is also mediated
y ventricular interaction and pericardial constraint (30) .
Although we (4) previously reported that the changes in right
ventricular volume during follow-up were comparale in the
placeo and enalapril groups, the influence of these extrinsic
factors may e variale in different regions of the left
ventricle
.
Study limitations . Our results should e considered in the
light of some methodologic limitations . I) Although Gelerg
et al . (33) reported that the area method can est distinguish
regional wall motion anormalities, the asal region may e
tethered to the mitral valve annulus, which can affect the
wall motion in this region . In addition, the validity of
regional area comparisons etween aseline and follow-up
might e affected y changes in ventricular geometry, par-
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ticularly in the placeo-treated patients
. However, the
change in ventricular shape occurred predominantly in the
transverse direction, whereas the change in the longitudinal
direction was negligile (Fig
. 2) and the most asal and
apical regions were involved in the present study
. Therefore,
the potential error due to the changes in ventricular geome-
try, if present, is considered to e within acceptale limits
.
2) To analyze left ventricular regional stiffness, we used
pressure and regional area to calculate the "regional area
stiffness constant
." In a strict sense . the assessment of
regional passive properties may require the analysis of
regional myocardial stiffness in terms of regional wall stress-
strain relations (34) . However, regional wall stress was not
calculated ecause regional wall thickness data were not
availale
. In addition, even when regional wall stress data
are availale, it is frequently erroneous to estimate "un-
stressed regional area" and thus regional strain from the
pressure and regional area data of the relatively narrow
ranges of a single diastole. 3) Another criticism of the
regional stiffness calculation in this study is related to the
potential effect of viscous properties (35), which were ne-
glected in the simple elastic model . Indeed, if the viscous
factors were important, this neglect might have led to an
overestimation of the stiffness constant . However, such
artifactual effect of the viscous properties on the stiffness
calculation can e considered to e small ecause of (tie
following reasons : 0 regional peak filling rate in our patients
was much lower than that in the normal sujects, which
decreases the impact of the viscous factors ; 2) for the asal
region in the placeo-treated patients, the peak filling rate
increased slightly, whereas the stiffness constant signifi-
cantly decreased, thus ruling out the role of a viscous
element to explain our finding .
Conclusions . The present study suggests that in patients
with left ventricular dysfunction and dilation, a regional
difference in the process of late remodeling etween the ase
and apex of the left ventricle is associated with nonuniform
changes in diastolic function of regional myocardium in the
placeo-treated patients . This nonuniform progression of left
ventricular regional remodeling and diastolic dysfunction
can e prevented y long-term enalapril treatment .
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